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(54) CARBON FIBER AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain carbon fiber excellent in adhesiveness to a matrix resin such as phenol resin 
*or epoxy resin and flexural characteristic and compression characteristic obtained when molded into a composite 
material by coating the surface of carbon fiber with a specific polymer. 

SOLUTION: The surface of carbon fiber is coated with 0.01-5 wt% (based on carbon fiber) polymer, which is 
substantially insoluble in a solvent in which phenol resin or epoxy resin is dissolved, obtained by polymerizing either 
one monomer of a monomer having both of a polar group such as amide group, imide group or urethane group and a 
reactive functional group reacting with phenol resin or epoxy resin, e.g. hydroxybenzyl group or hydroxyphenoxy 
group and a monomer containing a monomer having the above polar group and a monomer having the above 
reactive functional group in an amount of 70-100 wt% based on total monomer to provide the objective carbon 
fiber having 0.02-0.3 surface oxygen concentration 0/C (X ray electron spectroscopy) and 0.2-3% surface carboxyl 
group concentration, COOH/C (chemically modified X-ray photoelectron spectroscopy). 
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2 2 OGPaJ!J(±©*>©*s^t^ C©J: ^ ^^^ll^^r 

S. :5ih5>KJ*e^iB. JIS-R-7601©^ 

h ERL4 
2 2 l/'3 7^-{b*'^5g^>'J^5^Jl'T5>/T-b h> = 
10 0/3/4 (Sa^) *fflt>-C»J5£Ofc3fiR, 

iSt^-t?». ^©±Rg»*n^n7 0 0 0MPaa 
CJfS 0 OGPa^-C*?,, 

[ 0 0 5 7 ] ;X(C> *^(CJ: -5,;^iKil©i!Bi:^© 

[0 058] :^^ma:>mkmmu.. ©tiSRcx. 7 * >' 
3£sns«fflKStsao/c!aso. o2~o. 3, it^ 

^l^ig@[COOH/C*lO. 2~3%©!Ktt*W^*^ 

[0059} ^^fi^cci^. mimm»>&msimmMicii 



C8) iJ$P§ 2 0 0 1 -20 1 8 1 
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[0060] a?i2ms(**iiEKi«ffi(c#||$i±4K:B. 

©^cc?§»x«^t^t3■t^?t■!^-^^^>d^^S€:^'^u. * 
©•!>-.Y;^>*')BE«:a-7*/i-Lr«^*a«L.fci9> 

©it iy> ifmAmmvtcn-^ icmm^m-r^ j; ^ tc 

^tf^©*5^l->, C©^, ^^{c^?tT.S^Ii«J© 
20 ^^SEKteWe^aWcwiftK. ■9->f2»i'«©aS. 

[006 1 ] ^^i»^F»J'>^— CC«^^S/c«i>K:«. 

^8?KjnJ8io - 7 K J: ») g^aasm^Riiisi LftjaJ?.^ 
tcj:>). ^mmMm^^i^-ifcmMmm^-x^^. f^© 
30 -c^r. ig^Sii^©mi)ctt*iie-cgfS. "tommt. 

%±ic-r i>c Limit ly < . '^K:n^-riEI2*iSmJ:0<g 
0 0~2 0 0*C©lQHAi«=*L.Ci, 

[0 06 2] v-it^^ifmammi^tcm^wmu. ^le 

[0 06 3] 3e>«:. *:^W{c*$l»r. •7\-')v9:^m 
Hi^©:pS®l*^fiK:-r-SfcJ&{ctt. ^jaMI«ffi± 

ris^afbs -its c i^ijff * L < . ^(Dfc}fyicm.^m 

15 0~3 5 0-C. »*t.<»l 8 0~3 0 0*C> 

$fsu<«2oo~2 5o-c©^*iffffl5n.s. ijia 

50 JSliiZiajlStCfc<fc**J. 3 0tif~3 0^>»* 



15 

[0 0 64] ^fc. ^mmmcom.^mi^^ii'p. mmm 

[ 0 0 6 6 ] r ^ y ^v^.iKffi^f#&/c8?)(D«6,^ffii 

fcmm^t. mm. "tow^m. mw^ti. mmf)^»^$ 
^rj:a<Dm{tnnmm.^ 200-300 -c 
200 'C&i±. L < w 1 3 0 0 -cwii or^itT 

/hS < fiOffittfi L/ < . :R<*WCC» 1 0 *z mfelT. *f 

[0067] Kfkx^mfbS n:ft<iii{c $ ?>cc^ 

[00 68] mi^mmmt or zk^i c/ti^tc 
^*^'r^><Dr^>n«j:<. mm. mm. ism. m 
^^^wt. ^mt3:a<Dfmm. mm. mm. t^^^ 

ti)sx^^. ctih<D^f)^xh^w^^mrmm. mm 

mit'^hO'^^A. 7mittf*)0A. Tmit^^voj^rj:^ 
7Jc^:^^ y 'i7Ai^j:^(Dffii®as. mmi-vvoj^. 



(9) 4tga2oo 1 -20 1 8 1 
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v^m^'^i^tj:i^mmr:y^:^OM.. mm^mriy^:=' 

10 0 6 9] mm^<ommncois^\^to. 01-5^ 
;i//ys^h;k 0itL<\(to, i^i^jiyv v 
10 0. ss??R<Das«o - 1 0 0 -c. J?* L/ < t*^ia2 5 

[0070] mmmmfm^^^i^^mmm<Dmimm 

m^i±m^<iCi6i.>X{t^^:k^rj:mMm^Smt^^ 

--3 0 0 ^-axo^Hi-r^oj&uojf^L/Cio nm 
^mm^Bi< . mi^{j<\ti om^f^ 2^mm.tr^<D 

,-=^.?5^6 2 5 Vjyr. ifiF^L<«0. 5-2 0 V;^^i'r6 

m. i>i>ie>\tmmm^m@<Dm(icmfmtj:^^ifrvx 

^xmmff}(^mmLxi>j:<. ^tc. imcommmxtz^ 
mf3:mm,m^MLxfmLxhB:i.K mm^mm^tix 

OOOmm. n^L<[t3 0 0^9 0 0mm tT^(Di^ 
40 mmifi^t. LC>o 

[007 1 ] mm^mmm^ntcmm}it. ^om^im^ 

«T^O;&5ft< . =a»WCCtJfgj*aS€: 10 0-250 
•C. Sf^L<t3: 1 0 0-2 1 O'C. «J:0»$U<«1 0 
0-18 0-CiT-SCD*«m^o 
[007 2] C©<fc5J6:^ffiK<b«iSX|i*ig^ci 

50 4^i^;l/SiSe[COOH/C«:^vTa6S^m4Wr^Mf4 




(10) 
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[0073] 

—l3\iiUM)fiit. XO^J^ 'J (C L -cfpfi $ flic, 
[ 0 0 7 4 ] 7 a. y -JHS)liS^Wfi«. 5fe-r. ^«St 

JUIJBb (BSfOW^ttStB RL - 2 4 0) 1 0 OSU. S 
'ftfiiJK (BBWift^H^ttSF RH - 3 0 ) 3 0 gi54^{C 
aAL/. *?aBi?a». yw;^^ (6 0-Cx2^ffi+ 1 10 

5 0*cxiB$ra) otriiBt^w^ss-estta^o^ 

[0075] xjK+j^©Jii«^M»4«. ^igl8i8l*-:)5f 

^b>x^HJlE p 8 2 8 ) 1 0 035. Wimm (B F 3 • 
MEA) 3a5%#MtcttAO. S^ySa. ■:fl':^im 
< 1 7 O'Cx 1 ^M) Ltiiliti^W^S 5-6 5««% 

( 0 0 7 6 ] tsfc. mmmm^mnommmmt. 

^©«l(CL-C*J&fc. 20 

[0077] mmmmms. («t. i l s s iKta-r 

(i. 2. 5mmlix6mnii!iix 1 emrngS©— 55r 
ifijKK^i-*. a«©3,^.(B|{fS?KJ^S (E^l 0mm 

3t^.4mm<i>) *ffll,ir3t}^>^^'5>* 1 4mmCCt9: 
^L. SiSa. Omm/t»iL/ri«Kf ^>C-!:K:J:«3 

[0 0 7 8] LSS«. ±faL/fcfe<Diigai 

©Kil>i4^e*tfi 9 8 ~ 1 0 0 -C. 16 B^raJg^U/c 
ik, iiffiiig«l(C!»*tt«-CI LSS*»J5gUfc. 

[ 0 0 7 9 ] fllf?Sg{*. 2mm^x 1 5mmeix 1 0 30 
OmmSSffl-^fSliilKK-*, 3 ^ftlf i4iiji&:a (li^ 
10mm*. 3tsg 1 0 irni* ) *fflt,>-C3^>^-'<>% 8 0 

[0080] Eiffi^aa, 1 mm;i<D-:trrsiRa^«*ffl 

Ir^r, J IS-K7076, A^(C*i85L.T^«?)/'Co 
[008 1 ] S 61C, :*^«^K*Jt^r. i^^Ji»©iS 

- ( 0 0 8 2 ] atfa^^BiSS 10ninCD;^f^>U>^»(4' 
DA>-^^=. ^StlS 1~1. 5 S) 5**5 0mtifflFi 40 

0* O«j3!l!>^-CSijtl.%*ie.iia0»4J:^«ce«:i?4< 

rnm^k^K. 1 T^x-JV^/cO 0.09 KOAOfflSE* 
T. 3m/^ii!!^-Ciiii31*. aiIffi*ie.«l«Mt^K« 

[0083] «^jR«Wt«<DIEt)Ci4 (J«T. C F^CD^Sc 




#132 0 0 1 -20 1 8 1 
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[USSPll] Ti"J ax h y;U (AN) 9 9. 4^Jl% 

r. iaiSC«57^5:«FaK:j:»)*||«l«tti. if'x-^u. 
7-/ 7^ 12000 5- jv^Mm^mc. 

^htitcm^M'k 2 4 0-280 'CO^tp-c. Si#Jt 

1. 0-cmmLx. m^iimmic^u, -tj^^-c^^ 

mfUfp 3 0 0-900 'C(DU&fMM-C<DmU^^ 2 0 
0 -C/^ <b 1 5 %©S<«*^f & -3 fcfg. 3 %JDeffi 3 -t* 
*i6 1 3 0 0'C*-C^{kLfc. »6n/cM*4K^ittm© 
BffJiO. 8 0 g/m. it«B 1 . 8 0^*05^. 

[0 084] ^(Dmi^m^mm^. iSk&o . 1 ^^i-/ 1 

?i:9 5 4»-ci>-cm»?aS«HlL.*:, C©SW^ffi«iS 

3 tifcmmmm^m(.>x:>iim u . 150 'cotti^s 

SK«i«ffiO/CSCX«S357Jl'SJ?+i'JUSia0[C 00 H 
[0 0 8 5] gttS<bOT:'?U5»>S. 

(ma{* A ) i2-T';;i'7*>' -;i'©ig^iB5 (m&tt 

5 0 : 5 0) ^<DT'\iV>mWL^f^'J>l^^m 
L.. 1 5 0*C©|gi|g<»a-7(c5#^SL/. iKW-c?»Hl 

wsmmmx-x. 2 3 0°a e ofj^rs^s^^si/ 

fr«!»©#«a«0. 5«fi96r. if y-^Ufc^P 
^^j:a^ft©{^«fiB 0.05 aa%-c* ^ fc„ 

[0 08 6] ^e.n/cj^iliSI<b7 3:>'-jHSfli*i6^t 

€.a^Ms^© I L s smj^m-fm&^m. 1 (c^-r. i l 

SSli59MPa. ffltfSSSBl 7 8 OMPaiiSt,»S 

i>+i'*'Jx?U>i/iJrJ-;|,^iri^i; U-h. 2- 
fc Kn4^i/-3 -7 a: y+i/r^a tvi/y i; h©i,» 

-jHSii<»:Si£;-rsa£;tt*tB»©^:&?:wr.sms(* 

tor. 7*xjUi^r;c,i?ji,x-f-;l-Ti' ^•^4' 



(11) 



2 0 0 1-20181 



09 



20 



[0 08 7] m^tifc^mmty y-jvmmip^fs: 
^m^um<o I L s s Rv^m-f^m^m i fcs^-r. 

8 0:20) ?L<tiBJt Lz/cmav *JSCH1 1 illSlK L- 

e>^c sa^tm© i l s s i {ci^-r. 

5^>;H2'J>i?^4fi'U u-h^+tJ- 
fmmt y * -/-jn»fli*>6!tc«is^«if4® I L s ss 

[jijst^ 8 ] nmmm!im(o^^i. ism. 3 ^^u/ 1 © 
^zMRT>*-'?Azk^*m»itt<!:ur, «S«8 20 

oi'-o>/g-cF -cM^^BSaa^ 5 c i «cs:m o 
/cJiitwi. mmmi tmmt^i^xMmmMmmimc. 

gS»iW»©«MKSR««O/Ctt0. I4t?, 

!K^=i';i/S?gSCOOH/'C«i. 3%-c*-5:fc. iglo 

©x^ry-;l,^}K%IBllU-C. aSKtcO; -€-©MJI4K 
^fiK-ft^L . 1 5 0 'Coym^Bn - 7 fc 5 30 

b, tfeW-Ciiati3BMiaBlt»«C-C. 2 10-C. 6 0»-^ 

im-^!mL>fc. #«!gj©ffS*«o. 5sa%-c. e/* 



a u A«::^j&m^t|:<Df=t«a» 0.0 5 mm%X' 

[0088] ^e.n/c;^aeKlixiJ<+i^^Hi*>6)&:S 
ffi^ltf*© I L S S {C^r. ILSSttQOMP 

m. CF Mcomm^itmft, m^itS'^jpitt^^L 

fc. -eolS^tmoffiieSSStt 1560MPa-C*o 
[3IJiWl9~l 2] ffittSix;K+->»iSt£:-r^Sl£: 

>ij<';i'y'>i?ii'X— ?-;i/i©S]cc?B». 

U>'<Vi'T5?U-h<!:i'Ui'K-;Ui©5JCE1?J. ®f4 

*w-rs#a*©jg^* -b >v>m hp^ji^-v 

i"; ^-i^Jl/^/ 5» i"J I — hx5^u>;i-+lf ^ K (5* 
;u) 7-iafu>5i-+-9--< K (2*;i') mm<ou^ 
(«fiit5 0 : 5 0) tC*n^*i^SUfc«Wi. ilJ6 

t«i6 tmWiici^xmmim^mc, nhMc^mmt 

x,-f:=t=->«*gi*»^/j:^>a^Mif4© I L S S *«2 icm 
f. 

tciuf^it. mmmi tmmcLxm^m^^mtc. 
titc^mmtx-^>'^iymfi^ii>^ui,m-tum<D i l s 

S*«2 tc^n-r. ikl!J«(H3 ©JE«R^» 1 4 6 0 GP a 

[008 9] 
[«1] 







ILSS 
(IPa) 








59 


1780 






53 








53 




rrm 




54 






lilW n-f »7*f P-fr'^ff >f IrVy* < 


61 






Qyy" »X-f mi U-h ^f^7»*0'>T*-^ 


62 


1820 






60 








43 


1660 






48 





[0090] 



[«2] 



(12) 2 0 0 1 -20 1 8 1 

21 22 
3c2 (xj^^^g^Wfi) 







ILSS 






M 






90 


SSltHIO 




90 


S»tfl11 




90 


IW«12 




88 






83 


It«tff4 




83 



[009 1] 



5o 
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AC08 AD13 AD23 AE14 AF14 
AF31 AG02 AK14 AL02 AL04 
AL07 

4L033 AA09 ACH ACL2 AC15 CA34 
CA49 CA51 



